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C W ST IS * <o m B ] 
Ctt*« l ] 

c a* * * 2 ] 

^^A«i<*©ffi^cg|&^f#J5X« (1 1) ts 

»K»6nyta^fiit»%s(i**ri»«»*wijfc-r*xa (12) t 

MIB#f&tfIftii (1 2) ttffl£fcj«fc*M£-ti:;t#*1»&M*-r3»te* Aft SEA* 

c m * i« 3 3 

C IS W (D p¥ *ffl & §K ^ ] 
[ 0 0 0 13 

l9&M<om? Z&tfi&KI 20 

tlMft^If (Metal Organic Chemical Vap 
or Depoa 1 t i on, «T< M 0 C V D „ ) j£ £ ig b fc ;l> ^ ~ <> A lb £ ^ 

[ 0 0 0 2 3 

(Dynamic Random Access Memory) BillilkClit^ft 
£ C § b < , «Jfea<tfc^/S^1|feai»«#«».^«SjW*4oatl5lHI5g*<aSA,Tffe4. 30 

t?S*o K^tt i: Wil 3 ft 3 & ^ SlitiJ^iJa^, ^y^X^y, Sft^ 

# > ^ # <$ fc> ft T * ft *V »^»PB«?STaS»Saa*fr5 tf i^KftLTLJ 7^*, 
ItlcimttcWIS^^^fc, *c-r?jS»;SiTP»S5i:EjSbte<i,->p t^HMbbTfeSftc 
e^tt^ItSRu, R u 0 2 , I r , I f O, WftlJtiT^i. Ru^RuOz^ 
SI * ^ >y * ffi # £ < ffl V> ft T & *r\ SKitfUiiftKff o T 

[ 0 0 0 3 ] 

Ru?ffl^ftMOC VDlffiiLTtt^^D^y^^iyKDtfx (S^D^i^^xx 
;V ) ^t^-^A («Ts Ru (Cp) 2 fcV^Oo ) jSft^exif/l/^^a^y^?!- 40 
ft, A, v ~ » A (WT, Ru (EtCp) a £V<$.)S&ft, ?^"^hV|OMJX2, 2 
. 6, erb^^f/bS, 5^r^^^-^'-N;l/-x-t>A (KTv Ru (DPM) 3 

Ru (DPM) 3 Sgfcli R u ( C p ) 2 R u ( E t C p) a t J±f2 

TSfcS«ff«tffi^ftft, MOCVDlflHTtffl«tl?««ttfH>, * fc R u (Et 
Cp) 2 ^ # & S 35 T« $ ft b T # & £ fc #> , '&*.<>> f&m&m* Mm Z ^ $ ft ffi 
*0?*:7n-ri>hn~5fc±sWMf|itfqri!iBTfc»fea«»te, m»#»<oae5(&{k* t H 
ft « t ^ 5 fiJ/S^*. 3 o t A 1 L, ISSiteWU^ST'S!), t-Oftft^^lt b^WH/jS 
W ft o te o Ru (Cp) 2 S»<itiSTIiBlttLT&6L, K^*$t7g?gfc.?&H 

ba^c fc*>6j«tfi*^o«)|ia*#^Sk:Jfi6ftt*nif * &*v»?ti&, «j»a<Dijn so 
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■t n jt tt k m s *» * * *< , siemlts^-pso, ^i^^gi-pix^^sfis^ 

[ 0 0 0 4 ] 

R u (Cp) 2 Hffr^ffl^ftMOC VDffiCiaffiKEO^rOSf^Jis Thin So 
lid Films 2 87 ( 1 9 9 6 ) P, 7 4 - 7 9 (P. C. L I ao&) , J p 
n. J. Appl. Physics. 38 (1999) 2194-2199 (# ti| ) 

, vs a 7 mizm^m^^mmmm^mm^makP 5 1 5 c n » 6 ) s M2001-23 

4 3 4 7 fi v S ( 7E P. ) t irst*h1fh(B*4*XT^*. C B (r J: 2 i: 

[ 0 0 0 5 ] 10 

L*L» ItaiftRu (Cp) j H**f VfeMOC VDgKiajsESKOV^TtDW^i 
ft {* , JjScBMLfcRu-^R u O 2 «©WttRtfj«Ki*3feWffi'r*Ci:lc±BH*ll^T»t>, 
M^*3Ru (Cp) 2 ift^tf f tiS^ltfet*Sf ^iltSJJt^Sto^t 

<o ta & a & i% 

sg * cdmmjd m k j; o *# e. n & r u (cp) 2 tt#Ktt^ v <> a-^a u ^ 2»m(0^fm^i 
# '> & ^ s -f ^ * n t ^ ^ Q * « en * 5 i* » r u' (c p)"i ifffe^sfticneo^ 

*fito*1j«* , £l/*»£s Ru (Cp) 2 « ttOSUfcWtttfJSfls-rs C *£0!*±i&fc, 
[ 0 0 0 6 ] 

Ru (Cp) 2 ^fttFitlALT^^llE^Mi^KOi^Sfk^MlI^t^TI/^^ 20 

(* W T * * • ULfiti^v^^y ( fit T\ Cpk^i, ) tthy^i^Ay* 

AtOfttif a C p^KC p f± # # E Jfc # * £ ^ £ ^ # ft £ ft T l/^ 3 £ i: * 

5, Ru (Cp) a «#ifcte£<<©^MJ£A^;*yC'A#1'r*ftT^*i:, tcotHl** 
finM^&if^ffc.fcJS^. N a C p^K C pWVfcffto^CtllafcityiB t R a k<D&<& 

p) 2 JSftoss^ig? n«. Ru (c P ) 2 Kfftoftc^wtfeJVB^-r s & 

[ 0 0 0 7 ] 

-■?ju{t**fc*a«"r*ci:t*«, 30 

[ 0 0 0 8 ] 

!H$9(iK:ffi£38f!fHis Ru (Cp) 2 im*frS&£^7 L ~»A{b^%cD2*A^&i9, * 
« ^ fi ^ 5 p pmKTf S^i^lcfe^o 

S* # fc 3 £ UB t? tt , {fc^to*te$*ftS*hy*AX«;:ibU*A©v^?*ftfr — TJX 
*±Sl^<o^^«*±ESS:fiB«Bflrti:-rac: £ te J: t> . ^ f- - ^ A ilr # ^ IK ft? /£ HHu & t 
, -r h y 9 a x & * u «> A©v>f n** — j&xt*;!** t c p t «« fl: * » ^ c ft bit-sty j* r 40 

u © *g i=r £fl? U» < * 3 ft J6s COl)(6ft*jSBi:t5Ru (Cp) 2 §g#<DSUfc 
[ 0 0 0 9 ] 

IS* 31 2 te^ § £§0JT«, E] 1 ^ "T £ 5 {c . /Vf = * A«^fk*«Si C p*fflV>TRu ( 

#H»RtfJilJiliIS!i 2««aftrt1lt;ff*«tftSf **iIt*Bi 

fc v & iM&j*fcfflffi£-£T££$sj*©-t v u c a x & * u n^^fn*- 

[0010] 50 
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ft II 2 K ft £ f§ fft T? fck , fl. * » tf ffi ft X & 1 2 T? # 9 to * # ft! UK) SO * 31 51 2 * * £ 
2; £ D . Ru (Cp) a #tt(f>te**ft**hU$AXtt*y*A0V"»-f*l*-jJXtt 

[00 11] 

If $ 3 Jc 3 ?g uj , m&m i !3«o^T-=fAffc*»Xl*ll*J3l2faao«5fi*iSK: 

.# * 3 k. m %> n m x it , sw««iR«o;i/^ = »Aft*«xtt»*^2}ia«(Otta»s* 

t ± IM# & ^ ft ;l/ x ^ Mb £ $H3: ^ H#»fi*%ffl^ftMO CVD&fc£9A?t7%3t{fc 

*>i'? i -*&fr*H^8«fcM*ifctf*ffi j 67*ps>--te«tt, iiswwtticitis. in 

[O O 1 2] 

* » # s a s ;i/ t- - f a fk * ® ic *j v> t > t<?)ft^ii:tsns^i»tf MO C VDS 
a <d ? *. , ^ h <; a x « a y 9Afl!>v^irn*»— *XttJR^<o**fi*«a{fr*Ji k fc 

*$£%}(D)l<7-~V J±ft-&mte> Ru (Cp) 2 £§ffc 5 £ ;l/ ^ x ^ Mb $ "P •= T ^ 

T?$a<: i:^#tfcts 0 ^««i«ta*<5 p pmttlAii:, «ft;«ftt<t)*<b*i«*fei;* 20 

»$KliO,~l, 5 p p m T 3& 3 „ 
[0013] 

Hlfc3?tJ;«e, ^^x^A^W-fk^tCp^/fi^TRu (Cp) 2 «Sf*©ffl 
(181 1) . 1 -pa, fi£3fe*9ftfcftTv , >**/«;&i**fflv>T 

Ru (Cp) 2 «f{*flDffl£j«4lj*rc*. 

^ 1 7$ ^ 4> j£ ^ T" x iwi< ffl fel R u C 1 3 - n H 2 O^Sif I 1 git bt(± 

teCp*jj&*HL, SIfc&*i!te*»5£*8&iiDUTa:©sS (1) teas*" * 3 ftfiMfrfe** 30 

C0014] 
lit 1 ] 

2RuC 1 3 + 4 C.H. + 3 Z n 

-* 2Ru(Cp) 2 + 3ZnCl* + 2H 2 ■■■ ( 1 ) 

[001 5 ] 

2?g*St^^UTf4tiS-r§o m 2 tfSMt LX it , Tl-7tFo77y, ^ y -ff y , n - ^ 40 
:x*ytf¥tf&ftSoffllttffifr6i62i8«*|$£r«Cfcfc:J;!K Ru (Cp) 2 ^&© 

[0016] 

S ft. Organic synthesis (19 6 1) P 9 6 - 9 8 t$*tl5jg 

*fl3^TR u (c P ) 2 ®ft<Dm£.m®*eri£LT jtKXK 

t± s ^hU'> J U*2^^h + ->x^yFfK^^5'tts t©IIStCp%lTLTth'J 
£ A £ $f fl? S 3 o C c: T? fcfc # <0 j£ (2) lz 7ik * 
[001 7 ) 
■ tfc 2 ] 
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2C 6 H 8 + 2Na -> 2C t IIs e Na 4 + Hi - (2) 

COO 1 8 3 

fea^teffivasfcffift-rso ±T<ot hu*A« , »i»i/4^«*fci*. * * * * s t ?♦ 

5? (2) ESs-rRjK*»*fclB*JRlc3ilfl:;V7 i i»>Ai:<tll^T- — ^Afct^-n^tifti 
»i*SiS?t5„ cctos^s^oS (3) icf>t t io 

COO 1 9 ] 
lit 3 ] 

6 C 6 H 6 e N a 9 + 2 R u C 1 a + Ru 

-* 3Ru(Cp) 2 + 6NaCl ••• (3) 



C 0 0 2 0 3 

Ru (Cp) 2 «#Ofi4)a»#ll6ft«. 20 
C 0 0 2 1 ] 

C 0 0 2 2 3 

a^-e, »B+i?tiiH^j««i*#*a*r*iS!Ki*M*-ra (in 2) . 

coin 2 t- t* , M£rt**Wffi-*inlft , *-*ei:iE<j:Dff»«"tt, c©ff*te:feiS*b 

c 0 0 2 3 ] 

$1 f « RR > # * & * 3g ffrj #1 * E ifi ft * T # * <D i- h U 9 JU X * U A. <0 ^ 30 

$##JKR£ < . #**#tt*MJWJW^aiiB2f * UT»«1»*» Ru (C 

p ) 2 IBflc«pk:tt^hy*A**U*Atf*ffiWT«SLfci|IBgBJWi:Oft**'&*tlTi/'«ft 

to ttmt$Mmic&wwi}%mmiE-<£ % c tic x >ot , mm«s*<oi- \~ v t j** *>v 

C 0 0 2 4 ] 

<i © i f s i 2 \± m 2 ^ * n « s » «fc t) f? n s „ 

(OfflUStoMSSflf 2 4 ^MIS LTSiBOfl SMc BB tf £ 5 fc K: & ^§§2 1 <Dffl|<S±flJ 

«t«&JL 2 2 a ft> 6 $ ft L ft <HJ 3|J E (i * * Q 2 4 c Rtt g Si 1*3 §P © 

fl. * 2 4 aCT«t§S2 1 <0 ft /S 95 i: <0 85 It & « PP W M 2 6 # tt & ft 5 . 
C 0 0 2 5 ] 

J6f8«««fcI8 1 1 R u (Cp) a ffl£#«B 2 7 % AM . a^"5ftf» 50 
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*fc£fefc:fc:-*2 3fcJ:t>&SltaJ #'7JP — 73. 8? A P 2 4 c^B^SPxk^A 

U^g 2 4 a t fc» N 4 bB»4>6fi»2 4 b«lLT»(flf 3. k 

2 3€llDSitit) R u (Cp) 2 *I £ j£ ft 2 .7 # ft) ft ? ft , Ru (Cp) 2 ffl £ ^ 

o sibftR u ccp) 2 »fif«ai«u«2 6*3M5aL/, dct^s^f^^ 

th'J7A, *'J^A%H»^*B«fJ5Kd*'»iBS5^tiS» ^ M ^ ft fc ^ lg ^ « 

ftlP?J<^ftSl?tl/c^f 2 4 3 ©W^ffitttttx SftCMSSnfcR u (Cp) 2 i: L 
Tffi £2 ft * „ 

C 0 0 2 6 ] 10 

u (Cp) a «f » S n « 0 
C 0 0 2 7 ] 

13KSti5l:, E0«:ffffJt*ffl ^ft.M 0 C V D ftffiftt. A JB ft 3 0 * ffi * , ISS^tt 
% M 1* H 3 1 [c j:t)«of;i)Sl:4oTl^„ jj!tlKS3 0©l*afflJK:«:fc-:*3 2tfi&tt 
6ft. C-J3 2J:tliiS3 3ff«»*ns. C<£/£J&§3 0cD|*)g[miE;frff3 4&tf 
= - K>W<;i/:7 3 6£ffi*£S3W3 7fcJ:!5S3»§l*«ft*» to!KSS3 1 JSC )ft * > * 

3 8 £ 4S , 8 £ & M T* II) & O ^ h U 3 X « * U ^ A O ^ f 1 ft - 

£X«4*«5R*«!)#W**<5 p p m ft( T £ M » * ft R u CO p ) 2 « # % R? |R f 5 . JK 20 
ft * V * 3 8tttfXMiif8S3 9*^Uttn*"X»Af 4 1 « ffi. 2 ft > £ 
ttmm$ >->7 3 8(Ctt«Hf 4 2 «« * tt * ft * . 4 2K\ty << to* A 3. ^ - K Jl/ 

A ;U 7 4 4fitf#XiJft«8fflffS«iE4 6 * ft ft R l* B ft , ffi^|4 2{±J5ElWS3 0te» 
$S £ ft 3 0 J#J& ^ 3 0 tc ft - - F )V )V ~7 4 7 , ^7iSi|iig4 8*^L.T®i^7x 
9 ft M ? ft 3 „ 

[ 0 0 2 8] 

COSiT'li, iniSSS lJc«t»3jg!^*J/»38*<!K)l S0"CiCiQSl5ftT^y^38 
rtfcJIfJRSftfcRu ( C p ) 2 £g ft # fc#ft? 0 +1-y7#7.^lAf 4 1 A^I 
8?y^38rtfcIX?ft, HI*** > * 3 8 ftT-^Sp L ft R u (Cp) 2 £i#£«^1f4 
2 <}: D J«ffll * 3 0 fc: JR 3S T •* o * t 'J 7ifX t Ittts 7 ;!/ J V , -MJ^A, 3 JR « *< 30 

m if b ft « <, £ . «*3trx3iii«»*irx#A'Bf4 9^BAijiS3of3t«i&2ft* 0 am 

S3 0fil£8V>T, Ru (Cp) 2 «9ftOlf^Kfi: t t>fc3a»<$£ft, £$bfcR u 

ft c 

[ 0 0 2 9 ] 

3fc *S§ BJ <o * *s m % ifc & Wl t t fc fc l¥ L < w W f 3 „ 
< * tt 00 I > 

** 5 * 9 - >b ^ b & & wi mi m * jij r © & b rc + b v * a <d -s- * s % 1 . 4 P P m a 
tftRu (c P ) 2 i<*^7JVd f y??iST'?7 >7';Ht Ufc 0 c©7y>*;H5iS 40 

M;P T? 2 0 0 "CteSDSa L, * <OS* 7 2 HJMfiSWUfco 7 y^;HS*iP^^^B«WU 
T , 3r ft L T £ 1 S T' R I f: o t S L ft 7 y ^^ffif «;VrX^ Aftl^i* T G - D 

TAlS (MAC-sc i e n c e #^) fcJlOftfbWttfcWffiUfe. TG-DTAll 

[ 0 0 3 0 ] 
[S l ] 
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25 < C~500°C 




101. 3kPa 




lOOsccm 








MAC-science^ 
TGA-2000 



[ 0 0 3 1 ] 

< * tik m 2 > 

# 5 X 9 - ;V AO £ & & # ft PP *W W & J'U ^TttiaL^AU^AtD^flrfifel. 7ppraH 
ft R u (Cp) 2 **%ffl^ftil»tt*lS«(l tB*fcHTG-DT A«tfftft»tt 

* ffll Jfe L ft . 
[ 0 0 3 2 ] 

< it R 00 l > 

fifSWmPj^^fflf-rtaSJttLfc^hUf^oaWJi^e. OppmHHu ( C p ) 2 20 
*#*|il>ftttJH4J|«|ffl| 1 fcfJ«KLTTG-DT ABtT?«{fc»tt*i«*L«:. 

< it R #U 2 > 

WiWai*l«l*fflv>t , fc!Baj|!iL/fe*U'?ii»<04*«*6, 3 p p m L ft R u (Cp) , Iff 
#*J|l>ft«Wtt**« 1 fcB«K LTT G »D T A.8lTftft»tt*»*L»:. 
[ 0 0 3 3 ] 

H $1 1 . 2 3Sc J± Ik 0t| 1 s 2-p{|&nftT G-D T ASBKiS 1 5 OTCKJJttSSft 
[ 0 0 3 4 ] 

C&2] 30 









mmwn 


Na 


1. 4 


4. 6 


n 2 


K 


1. 7 


4. 8 




Na 


6. 0 


8. 5 


a 2 


K 


6, 3 


7. 9 



40 

[ 0 0 3 5 ] 

*2«fet)W6*^J:a»Cs Ru (Cp) a «B flt © ^ J* ft 1* # g 5 p p m % & * * Jfc R 
M 1 S ff 2 H , SISIIift|lRtf2J:t)tl 5 0 "C {c *5 « A ft ft « *Q f •£> £S JR *>M# 6 ft ft 
. Ru (Cp) 2 fllftli 1 5 Ot8SH)lSf»iS^E^e<v 1S.it LU^* 
& ft S *i* 0 v i: i/> -5 c i: & ^ ft L ,1 V< ^ i|JB ® # ^ C ^IKiLTl^, c © c i: *■> £ * 
»We«ffUte«BWJ:<DT»***tfRu ( C p ) 2 » f*f± , SBffi«**b/tlfeT?tt, 
^ ft ft tl M ft # 3 £ t # ftl o ft 0 R u (Cp) 2 f$ tft % f t f * ffiH A <t D fe fg © © * 
T'Sftfi#0 < & t V» 5 d i; 14, Ru (Cp) 2 !5flitt#©fiR#{c J; *SHfc*)t^< 
LTV^:i:«*«t5, CftttMOCVDffiteJ&jSfcW'tStefcifeoT.. 

ttifcMLTRu (Cp) 2 «ft*fctt£ft*^*fl&*?»»*:*:$lS 50 
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w -v l it Kffl^ic mm i^?tmmm 1 2 ^ it , % <£>n.<t&tfi£®M 1 & xf 2 & <o m 

^t^SitfSRu (Cp) a «{*OX«*'KjE*nsfi'&^^/h*^/tJ6s Ru cc 

p ) 2 «*o«{bWttos&<k*<iqi«u*nfcfc#*6n*. 

[ 0 0 3 6 ] 
[ ft TO o X 3 

JW ± £6 ^ fc <fc 5 t N * ft $ <9 Jl> =r =■ V A it ft ft tt s R u (Cp) , «#*64ifl:*«|f0 

s cOg^i^gstt^Ru (c P ) 2 ^ & © ^ <b 1* tt © # fb ^ £P *tl t* ^ 3 * aft, c 
©J:3te*Sljto*Wfi*«:£bfc;l/x-'?.Mb*«l*s B#ff^Stl^feMO C V D ?£ 

[ la 2 ] * 56 w <d » » r cf « Ki x fi te » v t ffl v^.6 ti * « h <d Si to ea . 20 
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